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METHOD AND APPARATUS OF 
COMPRESSING IMAGE DATA 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This application claims the benefit of Korean Patent Appli 
cation No. 10-2007-0078669, filed on Aug. 6, 2007, in the 
Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a system of compressing 

and decompressing image data and, more particularly, to an 
image encoding/decoding system Suitable for a liquid crystal 
display dynamic capacitance compensation (LCD DDC) 
apparatus. 

2. Description of the Related Art 
FIG. 1 is a block diagram of a conventional LCD DCC 

apparatus. Referring to FIG. 1, the conventional LCD DCC 
apparatus includes a memory 110 and a lookup table (LUT) 
module 120. The LCD DCC apparatus applies a voltage 
higher than a required pixel Voltage to a thin film transistor 
liquid crystal display (TFT-LCD) panel in order to improve a 
response time of the TFT-LCD panel. For example, when a 
current pixel voltage of an LCD panel is A and the next pixel 
voltage is B, the LCD DCC apparatus does not applies volt 
ages A and B and sequentially Supplies Voltages A, C and B to 
the LCD panel. An operation of calculating a Voltage for 
improving a response time of a TFT-LCD panel in the con 
ventional LCD DCC apparatus illustrated in FIG. 1 will now 
be explained. 

The memory 110 receives a current picture and stores the 
received current picture. When the memory 110 receives the 
current picture, a previous picture has been stored in the 
memory 110. The LUT module 120 calculates a voltage 
required for a target response time of the TFT-LCD panel with 
reference to a lookup table. Specifically, the LUT module 120 
finds out information on a Voltage corresponding to a differ 
ence between the luminance of a pixel of a currently input 
picture and the luminance of a corresponding pixel of a pre 
vious picture stored in the memory 110 from the lookup table 
and calculates the Voltage required for the target response 
time of the TFT-LCD panel using the information and the 
target response time of the TFT-LCD panel. 
As described above, the previous picture must be stored in 

the memory 110 of the LCD DCC apparatus in order to 
calculate the Voltage required for the target response time of 
the TFT-LCD panel. However, the quantity of data corre 
sponding to a single picture increases as picture quality 
increases. Accordingly, attempts to compress pictures input 
to the LCD DCC apparatus and store the compressed pictures 
in the memory instead of directly storing the pictures in the 
memory are being made. 

Conventional techniques of compressing images include 
JPEG (Joint Photographic Expert Group), H.264 (intra cod 
ing), JPEG-LS and so on. However, these techniques have 
following programs when applied to LCD DCC. 

Firstly, when image data is compressed with compression 
ratios 1/2 through 1/3 using the above-described techniques, 
objective picture quality measured using a peak signal-to 
noise ratio is not decreased. However, in the case of JPEG or 
H.264 based on transform coding, Subjective picture quality 
is deteriorated. In particular, an edge of an image becomes 
indistinct and picture quality at the edge is decreased. Though 
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2 
JPEG can obtain high compression efficiency, picture quality 
deterioration can be easily confirmed when the picture quality 
is compared to the picture quality of an original image. Since 
the LCD DCC apparatus is a circuit for driving a TFT-LCD 
channel directly shown to people, Subjective picture quality is 
very important in a compression codec for the LCD DCC. 

Secondly, the conventional image compression techniques 
cannot obtain an accurate compression ratio. The conven 
tional image compression techniques can control a compres 
sion ratio to a certain extent. However, an accurate compres 
sion ratio is required in order to store data in a memory with 
a limited capacity such as the memory of the LCD DCC 
apparatus. Particularly, JPEG-LS requires a number of bits 
greater than the number of bits of an original image because 
JPEG-LS uses a variable length code. 

SUMMARY OF THE INVENTION 

The present invention provides a method and an apparatus 
for obtaining an accurate compression ratio required for LCD 
DCC while improving Subjective picture quality in an image 
reconstruction process Such that the Subjective picture quality 
is suitable for image compression for LCD DCC. 
The present invention also provides a computer readable 

recording medium storing a program for executing the 
method on a computer. 

According to an aspect of the present invention, there is 
provided A method of compressing data, comprising: calcu 
lating differences between values of predetermined pixels 
from among pixels constructing an image and values of ref 
erence pixels respectively corresponding to the predeter 
mined pixels; ordering bits, which correspond to bit strings of 
the differences, into bit planes; and coding the bit planes 
according to priority of the bit planes. 

According to another aspect of the present invention, there 
is provided a computer readable recording medium storing a 
program for executing the method of compressing data. 

According to another aspect of the present invention, there 
is provided an apparatus of compressing data, comprising: a 
subtractor calculating differences between values of prede 
termined pixels from among pixels constructing an image and 
values of reference pixels respectively corresponding to the 
predetermined pixels; a bit order unit ordering bits, which 
correspond to bit strings of the differences, into bit planes; 
and a coding unit coding the bit planes according to priority of 
the bit planes. 

According to another aspect of the present invention, there 
is provided a method of decompressing data, comprising: 
decoding coded data; ordering the decoded data into bit 
planes; reading the ordered bit planes in a vertical direction to 
reconstruct prediction errors; and adding the reconstructed 
prediction errors and reference pixel values respectively cor 
responding to the prediction errors to reconstruct current 
pixels. 

According to another aspect of the present invention, there 
is provided a computer readable recording medium storing a 
program for executing the method of decompressing data. 

According to another aspect of the present invention, there 
is provided an apparatus of decompressing data, comprising: 
a decoder decoding coded data; a bit plane recovery unit 
ordering the decoded data into bit planes; an error reconstruc 
tion unit reading the ordered bit planes in a vertical direction 
to reconstruct prediction errors; and a adder adding the recon 
structed prediction errors and reference pixel values respec 
tively corresponding to the prediction errors to reconstruct 
current pixels. 
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As described above, the data compression method accord 
ing to the present invention calculates differences between 
values of predetermined pixels from among pixels construct 
ing an image and values of reference pixels respectively cor 
responding to the predetermined pixels; orders bits corre 
sponding to bit strings of the calculated differences into bit 
planes, and encodes the bit planes according to priority of the 
ordered bit planes to obtain an accurate compression ratio 
required for LCD DCC while improving subjective picture 
quality in an image reconstruction process Such that the Sub 
jective picture quality is Suitable for image compression for 
LCD DCC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention will become more apparent by describing in detail 
exemplary embodiments thereof with reference to the 
attached drawings in which: 

FIG. 1 is a block diagram of a conventional liquid crystal 
display dynamic capacitance compensation (LCD DCC) 
apparatus; 

FIG. 2 is a block diagram of an LCD DCC apparatus 
according to an embodiment of the present invention; 

FIG. 3 is a block diagram of a data compression apparatus 
according to an embodiment of the present invention; 

FIG. 4 illustrates an operation of extracting pixels in a pixel 
extraction unit illustrated in FIG.3 according to an embodi 
ment of the present invention; 

FIG. 5 illustrates prediction directions used in an intra 
prediction unit illustrated in FIG.3 according to an embodi 
ment of the present invention; 

FIG. 6 illustrates pixels used for the intra-prediction unit 
illustrated in FIG.3 to perform intra-prediction using an edge 
detection method according to an embodiment of the present 
invention; 

FIG. 7 illustrates prediction errors ordered as bit planes by 
a bit order unit illustrated in FIG.3 according to an embodi 
ment of the present invention; 

FIG. 8 is a flow chart illustrating an operation of a control 
ler illustrated in FIG.3 for variable-length-coding parts of bit 
planes according to an embodiment of the present invention; 

FIG. 9 illustrates a Golomb code table according to a 
parameterm used in an entropy coding unit illustrated in FIG. 
3 according to an embodiment of the present invention; 

FIG. 10 illustrates a data packet generated by a bit packing 
unit illustrated in FIG.3 according to an embodiment of the 
present invention; 

FIG. 11 is a block diagram of a data reconstruction device 
illustrated in FIG. 2; 

FIG. 12 is a flow chart illustrating a data compression 
method according to an embodiment of the present invention; 
and 

FIG. 13 is a flow chart illustrating a data reconstruction 
method according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be described more fully 
with reference to the accompanying drawings, in which 
exemplary embodiments of the invention are shown. The 
invention may, however, be embodied in many different 
forms and should not be construed as being limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure will be thorough and com 
plete, and will fully convey the concept of the invention to 
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4 
those skilled in the art. Throughout the drawings, like refer 
ence numerals refer to like elements. 

FIG. 2 is a block diagram of an LCD DCC apparatus 
according to an embodiment of the present invention. Refer 
ring to FIG. 2, the LCD DCC apparatus according to an 
embodiment of the present invention includes a data com 
pression device 210, a memory 220, a data decompression 
device 230, and a LUT module 240. 
The data compression device 210 compresses data using 

intra-prediction, entropy coding and so on. The memory 220 
receives the compressed data from the data compression 
device 210 and stores the compressed data. When the memory 
220 receives a current picture, compressed data correspond 
ing to a previous picture has been stored in the memory 220. 
The data decompression device 230 decompresses data 

using entropy decoding. The LUT module 240 calculates a 
voltage required for a target response time of a TFT-LCD 
panel with reference to a lookup table. Specifically, the LUT 
module 240 finds out information on a Voltage corresponding 
to a difference between the luminance of a pixel of a currently 
input picture and the luminance of a corresponding pixel of a 
previous picture decompressed by the data decompression 
device 230 and calculates the voltage required for the target 
response time of the TFT-LCD using the information and the 
target response time of the TFT-LCD panel. 

FIG. 3 is a block diagram of the data compression device 
illustrated in FIG. 2 according to an embodiment of the 
present invention. Referring to FIG. 3, the data compression 
device includes a pixel extraction unit 300, an intra-prediction 
unit 310, a subtractor 320, a bit order unit 330, a controller 
340, an entropy coding unit 350, a bit packing unit 360, a 
reconstruction unit 370, and a buffer 380. 
The pixel extraction unit 300 extracts a plurality of pixels 

from pixels belonging to one of a plurality of lines construct 
ing an image. For example, the pixel extraction unit 300 
divides the pixels belonging to one of the plurality of lines 
constructing the image into N groups and extracts a single 
pixel from each of the N groups. The pixels extracted by the 
pixel extraction unit 300 form a single group corresponding to 
a compression unit of the data compression device according 
to the current embodiment of the present invention. The pixel 
extraction unit 300 can sequentially extract eight pixels from 
the pixels belonging to one of the plurality of lines construct 
ing the image at a predetermined interval to form a single 
group, as illustrated in FIG. 4. In FIG.4, t indicates extracted 
pixels. 
The intra-prediction unit 310 performs intra-prediction on 

each of the extracted pixels forming a single group. 
FIG. 5 illustrates prediction directions used in the intra 

prediction unit 310 illustrated in FIG. 3 according to an 
embodiment of the present invention. Referring to FIG. 5, the 
intra-prediction unit 310 illustrated in FIG. 3 can perform 
intra-prediction on each of the extracted pixels using a recon 
structed pixel located at the top of each extracted pixel, a 
reconstructed pixel located on the left of each extracted pixel, 
and a reconstructed pixel located at the top and to the left of 
the each extracted pixel. For example, the intra-prediction 
unit 310 can perform intra-prediction using an edge detecting 
method. An edge represents the contour, position and size of 
an object in an input picture and corresponds to a line on 
which the brightness and color of the picture are abruptly 
changed. It is preferable to use the method disclosed in IEEE 
Trans. On Consumer Electronics, Vol. 47, No. 3, 2001, pp 
466-476, entitled “Two low cost algorithms for improved 
diagonal edge detection in JPEG-LS’, as the edge detecting 
method. 
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FIG. 6 illustrates pixels used for intra-prediction according 
to the edge detecting method. Referring to FIG. 6, an edge 
detecting algorithm for a pixel X is as follows. 

If (camax(a,b)) P=min(a,b); 
else{If (csimax(a,b)) P-min(a,b); 

else P=a+b-c; 
Here, a and b represent pixel values, max(a,b) represents a 

larger value of between a and b, min(a,b) represents a smaller 
value between a and b, and P denotes a reference pixel value. 

According to this algorithm, the reference pixel value P is 
determined according to whether an edge is in a horizontal 
direction or a vertical direction and the larger value between 
a and b. If min(a,b) a when camaX(a,b), the edge is in the 
horizontal direction and the reference pixel value P is deter 
mined as a. If min(a,b)=b when camax(a,b), the edge is in the 
vertical direction and the reference pixel value P is deter 
mined as b. If max(a,b) a when csimax(a,b), the edge is in the 
horizontal direction and the reference pixel value P is deter 
mined as a. If max(a,b)=b when csimax(a,b), the edge is in the 
vertical direction and the reference pixel value P is deter 
mined as b. When min(a,b)-c-max(a,b), it is difficult to 
determine that the edge is in the vertical or horizontal direc 
tion, and thus the reference pixel value P is determined as 
a+b-c in consideration of all of a, b and c. In this manner, the 
reference pixel value P can be easily determined. 

If the data compression device 210 illustrated in FIG. 2 
includes as many intra-prediction units as the number of the 
pixels constructing a single group, the pixels constructing a 
single group can be simultaneously intra-predicted, and thus 
an encoding time can be reduced. For example, when the pixel 
extraction unit 310 illustrated in FIG. 3 extracts eight pixels, 
eight intra-prediction units can respectively intra-predict the 
eight pixels to reduce an encoding time. 

Referring back to FIG. 3, the subtractor 320 respectively 
subtracts values of reference pixels, determined by the intra 
prediction unit 310, from the values of the pixels extracted by 
the pixel extraction unit 300 to calculate a group of prediction 
errors with respect to a group of pixels. 
The bit order unit 330 orders the bit strings of the group of 

prediction errors calculated by the subtractor 320 into bit 
planes. More specifically, the bit order unit 330 orders the 
most significant bit (MSB) of a bit string of each of the 
prediction errors into a 0-plane corresponding to the upper 
most plane and orders a bit following the MSB into a 1-plane 
corresponding to an upper plane following the 0-plane. This 
operation is repeated until the least significant bit (LSB) of the 
bit string is ordered to order all the bit strings of the prediction 
errors into bit planes. 

FIG. 7 illustrates a group of prediction errors ordered into 
bit planes by the bit order unit 330 illustrated in FIG. 3 
according to an embodiment of the present invention. Refer 
ring to FIG. 7, if a single group includes eight pixels and 
prediction errors are respectively 8, 18, 7.2, 4, 7, 14 and 5, the 
bit order unit 330 orders bit strings corresponding to the 
prediction errors into a 0-plane through a 7-plane in Such a 
manner that the 0-plane, the 1-plane and the 2-plane have 
00000000, the 3-plane has 01000000, the 4-plane has 
10000010, the 5-plane has 00101111, the 6-plane has 
*01110110, and the 7-plane has "00100101. 

Referring back to FIG. 3, the controller 340 controls parts 
of the bit planes ordered by the bit order unit 330 to be coded 
using variable-length coding and controls parts of the remain 
ing bit planes to be coded using fixed-length coding. Further 
more, the controller 340 cuts off parts of bits of the bit planes 
in order to achieve a desired compression ratio. 
The controller 340 controls to be coded using variable 

length coding only parts of the bit planes because of the 
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6 
following reason. Most of prediction errors calculated by the 
subtractor 320 other than prediction errors calculated for 
pixels forming a boundary in an image have Small values. 
Thus, there is a high possibility that Obit appears in upper bit 
planes and possibility that Obit appears and possibility that 
1 bit appears in the lowest bit plane become similar to each 

other, as illustrated in FIG.7. Accordingly, it is preferable that 
upper bit planes are coded using variable-length coding and 
lower bit planes are fixed-length-coded for efficient data com 
pression. For example, upper five bit planes, that is, the 
0-plane through the 4-plane, can be coded using variable 
length coding and lower three bit planes, that is, the 5-plane, 
the 6-plane and the 7-plane, can be coded using fixed-length 
coding. In this case, the number of upper bit planes variable 
length-coded can be set when the data compression device 
210 illustrated in FIG. 2 is designed. 

There is no need to encode upper bit planes having only 0 
bit, and thus from a bit plane in which 1 bit initially appears 
to the 4-plane are coded using variable-length coding. For 
example, in the case of the bit planes illustrated in FIG. 7, the 
0-plane, the 1-plane and the 2-plane have only 0 bit and 1 
bit initially appears in the 3-plane, and thus the 3-plane and 
the 4-plane are coded using variable-length coding. 
The controller 340 illustrated in FIG.3 controls the ordered 

bit planes to be encoded according to a raster scan order. The 
raster scan order means that encoding is performed in the 
horizontal direction from the leftmost bit of the uppermost bit 
plane and the next bit plane is encoded when all the bits of the 
uppermost bit planes are encoded. 

Since the data compression device 210 illustrated in FIG.2 
is required to achieve a specific compression ratio, the con 
troller 340 illustrated in FIG. 3 does not encode lower bit 
planes and deletes the lower bit planes in order to achieve the 
specific compression ratio. 

FIG. 8 is a flow chart illustrating an operation of the con 
troller 340 illustrated in FIG. 3 for variable-length-coding 
parts of bit planes according to an embodiment of the present 
invention. Referring to FIG. 8, the controller340 illustrated in 
FIG.3 determines whether a bit rate of the encoded bit planes 
reaches a target bitrate according to a desired target compres 
sion ratio of the data compression device 210 illustrated in 
FIG. 2 and finishes encoding when the bit rate of the encoded 
bit planes correspond to the target bit rate in operation 810. 
The controller 340 illustrated in FIG.3 determines whether a 
bit plane to be encoded requires variable length coding when 
the bit rate of the encoded bit planes does not reach the target 
bit rate in operation 820. 
The controller 340 illustrated in FIG. 3 provides the bit 

planes that require variable-length coding to the entropy cod 
ing unit 350 illustrated in FIG. 3 when the bit plane to be 
encoded requires variable length coding Such that the entropy 
coding unit 350 variable-length-codes the bit plane in opera 
tion 830. 
The controller 340 illustrated in FIG. 3 fixed-length-codes 

the bit plane to generate a codeword when the bit planes do 
not require variable-length coding in operation 840. Fixed 
length coding is to use a current bit plane as a codeword. 

Referring back to FIG. 3, the entropy coding unit 350 
performs lossless compression encoding including run length 
coding and Golomb coding on a bit plane that requires vari 
able length coding to generate a codeword. 

Specifically, the entropy coding unit 350 executes run 
length coding. The run length coding encodes binary data into 
a code which designates the number of repeated Obits. In the 
case of the 4-plane having 10000010 illustrated in FIG.7, 0 
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is repeated 0 times, 0 is repeated five times, and then 0 is 
repeated once, and thus a symbol 051 is generated according 
to run length coding. 

Then, the entropy coding unit 350 performs Golomb cod 
ing on the symbol generated by run length coding to generate 
a codeword. Golomb coding encodes a symbol corresponding 
to an integer that is not negative into a codeword determined 
according to several probability distributions and includes 
Huffman coding using a Golomb code table illustrated in 
FIG.9. The Golomb code table used for Golomb coding does 
not require to be separately stored because a binary codeword 
with respect to an inputSymbol can be calculated according to 
a simple rule. A parameterm used in the Golomb code table 
is selected such that the length of a codeword generated for 
each symbol is minimized. When Golomb coding is per 
formed on all symbols using the parameterm equal to 2, the 
length of a codeword generated according to Golomb coding 
increases when a symbol corresponding to the codeword is 
large, as illustrated in FIG.9. Accordingly, the entropy coding 
unit 350 illustrated in FIG.3 selects largerm when probability 
that symbols have larger values is high to efficiently generate 
codewords. That is, the entropy coding unit 350 Golomb 
codes run-length-coded symbols 0 through 5 using the 
parameter m equal to 2, Golomb-codes run-length-coded 
symbols 6 through 11 using the parameterm equal to 4, and 
Golomb-codes run-length-coded symbols 12 through 23 
using the parameterm equal to 8, as illustrated in FIG. 9. For 
example, when the 4-plane illustrated in FIG. 7 is encoded 
using the Golomb code table illustrated in FIG.9, the entropy 
coding unit 350 generates a codeword '000 1001 001 using 
the parameterm equal to 4 because the 4-plane has a symbol 
O51. 
Referring back to FIG. 3, the reconstruction unit 370 

reconstructs current pixels using reference pixels determined 
by the intra-prediction unit 310. The operation of the recon 
struction unit 370 is identical to the operation of the data 
decompression device 230 illustrated in FIG. 2 so that 
detailed explanation thereof is omitted because the operation 
of the data decompression device 230 will be described 
below. 

The buffer 380 stores pixels reconstructed by the recon 
Struction unit 370. When the buffer 380 receives the current 
pixels, previous pixels have been stored in the buffer 380. 
The bit packing unit 360 generates a data packet composed 

of a plane identifier, a codeword variable-length-coded or 
fixed-length-coded and provides the data packet to the 
memory 220 illustrated in FIG. 2. FIG. 10 illustrates a data 
packet generated by the bit packing unit 360 according to an 
embodiment of the present invention. In FIG. 10, the plane 
identifier represents a bit plane in which 1 bit initially 
appears a bit plane, that is, initially encoded by the entropy 
coding unit 350 illustrated in FIG. 3. Three bits are allocated 
to the plane identifier because the plane identifier has one of 
0 through 7. For example, the bit packing unit 360 packs a 
3-bit plane identifier and a 37-bit codeword to generate a 
40-bit data packet when a compression ratio is 1/6 and packs 
the 3-bit plane identifier and a 57-bit codeword to generate a 
60-bit data packet when the compression ratio is 4/1, as 
illustrated in FIG. 10. 

FIG. 11 is a block diagram of the data decompression 
device 230 illustrated in FIG. 2. Referring to FIG. 11, the data 
decompression device includes a bit parser 1100, a controller 
1110, an entropy decoder 1120, a bit plane recovery unit 
1130, an error reconstruction unit 1140, an intra-prediction 
unit 1150, an adder 1160, a pixel arrangement unit 1170, and 
a buffer 1180. 
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8 
The bit parser 1100 reads a data packet stored in the 

memory 220 illustrated in FIG.2 and parses the data packet to 
extract a 3-bit plane identifier and a codeword corresponding 
to coded data. The plane identifier represents a bit plane in 
which 1 bit appears first and indicates a bit plane initially 
coded by the entropy coding unit 350 of the data compression 
device 210 illustrated in FIG. 2. 
The controller 1110 determines whether the codeword 

extracted by the bit parser 1100 requires entropy decoding 
and controls the codeword to be decoded by the entropy 
decoder 1120 when the codeword requires entropy decoding. 
Here, the controller 1110 determines whether the extracted 
codeword requires entropy decoding by confirming whether 
the codeword corresponds to a bit plane to be entropy-de 
coded. The bit plane to be entropy-decoded is previously set 
when the data decompression device 230 is designed and 
corresponds to a bit plane entropy-coded in the data compres 
sion device 210 illustrated in FIG. 2. 
The entropy decoder 1120 entropy-decodes the codeword. 

The entropy decoder 1120 performs inverse operations of 
Golomb coding and run length coding to entropy-decode the 
codeword. 
The bit plane recovery unit 1130 orders codewords 

extracted by the bit parser 1100 into bit planes. Specifically, 
the bit plane recovery unit 1130 records 'O' bit in the upper 
most bit plane to an upper bit plane indicated by the plane 
identifier. Subsequently, the bit plane recovery unit 1130 
orders codewords decoded by the entropy decoder 1120 into 
bit planes, and then orders codewords which do not require 
decoding from among the extracted codewords into bit planes 
without changing the codewords. Finally, the bit recovery 
unit 1130 records'0 bit in the remaining bit planes to accom 
plish bit plane recovery. 
The error reconstruction unit 1140 reads the bit planes 

recovered by the bit plane recovery unit 1130 in the vertical 
direction from the uppermost bit plane to reconstruct a group 
of prediction errors. 
The intra-prediction unit 1150 performs intra-prediction 

on current pixels using reconstructed pixels stored in the 
buffer 1180. Here, reference pixel values are determined 
using the same edge detecting method as the edge detecting 
method used in the intra-prediction unit 310 illustrated in 
FIG. 3. 
The adder 1160 add the prediction errors reconstructed by 

the error reconstruction unit 1140 and the reference pixel 
values determined by the intra-prediction unit 1150 to recon 
struct the current pixels. The pixel arrangement unit 1170 
arranges the reconstructed current pixels at the original posi 
tions on a line. The buffer 1180 stores the reconstructed 
current pixels. When the buffer 1180 receives the current 
pixels, previous pixels have been stored in the buffer 1180. 

FIG. 12 is a flow chart illustrating a data compression 
method according to an embodiment of the present invention. 
Referring to FIG. 12, the data compression method according 
to an embodiment of the present invention includes opera 
tions time-serially performed in the data compression device 
illustrated in FIG. 3 so that the above-described details with 
respect to the data compression device illustrated in FIG.3 are 
applied to the data compression method. 
The data compression device 210 illustrated in FIG. 2 

extracts a plurality of pixels from pixels belonging to one of 
a plurality of lines constructing an image in operation 1210. 
For example, the plurality of pixels are extracted in Such a 
manner that the pixels belonging to one of the plurality of 
lines are divided into N groups and a single pixel is extracted 
from each of the N groups. Otherwise, pixels are extracted 
from the pixels belonging to one of the lines constructing an 
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image at a predetermined interval. The extracted pixels form 
a single group corresponding to a compression unit of the data 
compression device 210 illustrated in FIG. 2. 
The data compression device 210 illustrated in FIG. 2 

performs intra-prediction on the extracted group of pixels in 
operation 1215. Here, values of reference pixels for the group 
of pixels can be determined using an edge detecting method. 
The data compression device 210 illustrated in FIG. 2 

respectively subtracts the values of the reference pixels deter 
mined in operation 1215 from values of the pixels extracted in 
operation 1210 to calculate prediction errors for the group of 
pixels in operation 1220. 
The data compression device 210 illustrated in FIG. 2 

orders bit strings corresponding to the prediction errors cal 
culated in operation 1220 into bit planes. Specifically, the bit 
order unit 330 illustrated in FIG.3 orders the most significant 
bits (MSBs) of the bit strings of the prediction errors into a 
0-plane corresponding to the uppermost plane and orders bits 
following the MSBS into a 1-plane corresponding to an upper 
plane following the 0-plane. This operation is repeated until 
the least significant bits (LSBs) of the bit strings are ordered 
to order all the bit strings of the prediction errors into bit 
planes in operation 1225. 
The data compression device 210 illustrated in FIG. 2 

variable-length-codes the bit planes ordered in operation 
1225 according to raster scan order in operation 1230. Here, 
there is no need to encode upper bit planes having only bit 0. 
and thus variable length coding is performed from the bit 
plane which initially includes 1 bit. Furthermore, a plane 
identifier for identifying an initially coded bit plane is gener 
ated. 
The data compression device 210 illustrated in FIG. 2 

determines whether a bit rate of the encoded bit planes cor 
responds to a target bit rate according to a desired target 
compression ratio in operation 1235. When the bit rate of the 
encoded bit planes corresponds to the target bit rate, the data 
compression device 210 illustrated in FIG. 2 finishes coding 
because the target compression ratio is achieved and goes to 
operation 1255. 
When the bit rate of the encoded bit planes does not reach 

the target bit rate, the data compression device 210 illustrated 
in FIG. 2 determines whether a current bit plane to be coded 
requires variable length coding in operation 1240. Here, bit 
planes to be variable-length-coded are previously set in the 
data compression device 210 illustrated in FIG. 210. 
The data compression device 210 illustrated in FIG. 2 

entropy-codes the current bit plane to generate a codeword 
when the current bit plane requires variable length coding in 
operation 1245, and then goes to operation 1235. That is, the 
data compression device 210 illustrated in FIG. 2 performs 
entropy coding corresponding lossless compression coding 
including run length coding and Golomb coding on the bit 
plane that requires variable length coding to generate a code 
word. 

The data compression device 210 illustrated in FIG. 2 
fixed-length-codes the current bit plane to generate a code 
word in operation 1250 when the current bit plane does not 
require variable length coding, and then goes to operation 
1235. Fixed length coding is to use the current bit plane as a 
codeword. 

In operation 1255, the data compression device 210 illus 
trated in FIG. 2 reconstructs the pixels extracted in operation 
1210 using the plane identifier generated in operation 1230, 
the codeword generated in operation 1245, the codeword 
generated in operation 1250 and the reference pixel values 
determined in operation 1220. A process of reconstructing the 
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10 
extracted pixels is identical to a data decompression method 
illustrated in FIG. 13 so that detailed explanation there of is 
omitted. 
The data compression device 210 illustrated in FIG. 2 

generates a data packet composed of the plane identifiergen 
erated in operation 1230, the codeword generated in opera 
tion 1245 and the codeword generated in operation 1250 and 
provides the data packet to the memory 220 illustrated in FIG. 
2 in operation 1260. 

FIG. 13 is a flow chart of a data decompression method 
according to an embodiment of the present invention. Refer 
ring to FIG. 13, the data decompression method includes 
operations time-serially performed in the data decompression 
device 230 illustrated in FIG. 2. 
The data decompression device 230 illustrated in FIG. 2 

reads a data packet stored in the memory 220 illustrated in 
FIG. 2 and parses the data packet to extract a 3-bit plane 
identifier and a codeword corresponding to coded data in 
operation 1310. 
The data decompression device 230 illustrated in FIG. 2 

determines whether the codeword extracted in operation 1310 
requires entropy decoding by confirming whether the 
extracted codeword corresponding to a bit plane to be 
entropy-decoded in operation 1315. The bit plane to be 
entropy-decoded is previously set when the data decompres 
sion device 230 illustrated in FIG. 2 is designed and corre 
sponds to a bit plane entropy-coded in the data compression 
device 210 illustrated in FIG. 2. 
The data decompression device 230 illustrated in FIG. 2 

orders the extracted codeword into a bit plane when the 
extracted codeword does not require entropy decoding in 
operation 1320. 
The data decompression device 230 illustrated in FIG. 2 

entropy-decodes the extracted codeword when the extracted 
codeword requires entropy decoding in operation 1325. For 
example, the data decompression device 230 illustrated in 
FIG.2 performs inverse operations of Golomb coding and run 
length coding to carry out entropy decoding. 
The data decompression device 230 illustrated in FIG. 2 

orders the entropy-decoded codeword into a bit plane in 
operation 1330. The data decompression device 230 illus 
trated in FIG. 2 determines whether there is another extracted 
codeword in operation 1335 and performs operation 1315 
when there is another extracted codeword in operation 1335. 
When there is no further extracted codeword in operation 

1335, the data decompression device 230 illustrated in FIG.2 
records Obit in remaining bit planes to accomplish bit plane 
recovery in operation 1340. 
The data decompression device 230 illustrated in FIG. 2 

vertically reads the recovered bit planes from the MSB to 
reconstruct a group of prediction errors in operation 1345. 
The data decompression device 230 illustrated in FIG. 2 
performs intra-prediction using a previous group of pixels in 
operation 1350. Here, values of reference pixels of a current 
group of pixels are determined using the same edge detecting 
method as the edge detecting method used for intra-predic 
tion in the data compression device 210 illustrated in FIG. 2. 
The data decompression device 230 illustrated in FIG. 2 

add the prediction errors restored in operation 1345 and the 
reference pixel values determined in operation 1350 to recon 
struct current pixels in operation 1355. The data decompres 
sion device 230 illustrated in FIG. 2 arranges the current 
pixels reconstructed in the operation 1355 at original posi 
tions on a line to reconstruct a compressed image. 
The embodiments of the present invention can be written as 

computer programs and can be implemented in general-use 
digital computers that execute the programs using a computer 
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readable recording medium. Examples of the computer read 
able recording medium include magnetic storage media (e.g., 
ROM, floppy disks, hard disks, etc.), and optical recording 
media (e.g., CD-ROMs, or DVDs). The computer readable 
recording medium can also be distributed over network 
coupled computer systems so that the computer readable code 
is stored and executed in a distribution fashion. 

While the present invention has been particularly shown 
and described with reference to exemplary embodiments 
thereof, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein without departing from the spirit and scope of the 
present invention as defined by the following claims. 

What is claimed is: 
1. A method of compressing data, comprising: 
calculating differences between values of current pixels 

from among pixels constructing an image and values of 
reference pixels respectively corresponding to the cur 
rent pixels; 

ordering a plurality of bit strings, which represent the dif 
ferences by a plurality of bits, into bit planes comprising 
a first bit plane and a second bit plane, wherein the bit 
plane is a set of bits having a same position in the bit 
Strings: 

coding bits belonging to the first bit plane into a first code 
word using variable-length coding; and 

coding bits belonging to the second bit plane into a second 
codeword using fixed-length coding. 

2. A method of compressing data, comprising: 
calculating differences between values of current pixels 

from among pixels constructing an image and values of 
reference pixels respectively corresponding to the cur 
rent pixels; 

ordering bit strings, which represent the differences by a 
plurality of bits, into bit planes, wherein the bit plane is 
a set of bits having a same position in the bit strings; and 

coding the bit planes according to priority of the bit planes; 
wherein the upper bit planes are coded using variable 

length coding and lower bit planes are coded using 
fixed-length coding, and 

wherein the coding of the bit planes comprises coding the 
bit planes according to priority of the bit planes until a bit 
rate of the coded bit planes reaches a predetermined 
target bit rate. 

3. The method of claim 1, wherein the second bit plane 
corresponds to least significant bit. 

4. The method of claim 1, wherein the coding of the bit 
planes comprises run-length-coding and Golomb-coding a 
bit plane that requires entropy coding from among the ordered 
bit planes. 

5. The method of claim 1, wherein the second codeword 
corresponds to bit string of bits belonging to the second bit 
plane. 

6. The method of claim 1, wherein the current pixels are 
respectively extracted from groups obtained by dividing pix 
els belonging to one of lines constructing the image. 

7. The method of claim 1, wherein the current pixels are 
extracted from pixels belonging to one of lines constructing 
the image at a predetermined interval. 

8. The method of claim 1, wherein the reference pixels 
correspond to the current pixels in directions of edges 
detected for the current pixels. 

9. A non-transitory computer readable recording medium 
storing computer-readable instructions that control at least 
one processor to implement a method of compressing data, 
the method comprising: 
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12 
calculating differences between values of current pixels 

from among pixels constructing an image and values of 
reference pixels respectively corresponding to the cur 
rent pixels; 

ordering a plurality of bit strings, which represent the dif 
ferences by a plurality of bits, into bit planes comprising 
a first bit plane and a second bit plane, wherein the bit 
plane is a set of bits having a same position in the bit 
Strings: 

coding bits belonging to the first bit plane into a first code 
word using variable-length coding; and 

coding bits belonging to the second bit plane into a second 
codeword using fixed-length coding. 

10. An apparatus of compressing data, comprising: 
a subtractor calculating differences between values of cur 

rent pixels from among pixels constructing an image and 
values of reference pixels respectively corresponding to 
the current pixels; 

a bit order unit ordering a plurality of bit strings, which 
represent the differences by a plurality of bits, into bit 
planes comprising a first bit plane and a second bit plane, 
wherein the bit plane is a set of bits having a same 
position in the bit strings; and 

a coding unit coding bits belonging to the first bit plane into 
a first codeword using variable-length coding and cod 
ing bits belonging to the second bit plane into a second 
codeword using fixed-length coding. 

11. An apparatus of compressing data, comprising: 
a subtractor calculating differences between values of cur 

rent pixels from among pixels constructing an image and 
values of reference pixels respectively corresponding to 
the current pixels; 

a bit order unit ordering bit strings, which represent the 
differences by a plurality of bits, into bit planes, wherein 
the bit plane is a set of bits having a same position in the 
bit strings; and 

a coding unit coding the bit planes according to priority of 
the bit planes; 

wherein the upper bit planes are coded using variable 
length coding and lower bit planes are coded using 
fixed-length coding, and 

wherein the coding unit codes the bit planes according to 
priority of the bit planes until a bit rate of the coded bit 
planes reaches a predetermined target bit rate. 

12. The apparatus of claim 10, wherein the second bit plane 
corresponds to least significant bit. 

13. The apparatus of claim 10, wherein the coding unit 
run-length-codes and Golomb-codes a bit plane requiring 
entropy coding from among the ordered bit planes. 

14. A method of decompressing data, comprising: 
decoding coded data; 
ordering the decoded data into bit planes, wherein the bit 

plane is a set of bits having a same position in bit strings; 
reading the ordered bit planes in a vertical direction, which 

correspond to a priority order of the bit strings and a 
predetermined target bit rate to reconstruct prediction 
errors; and 

adding the reconstructed prediction errors and reference 
pixel values respectively corresponding to the prediction 
errors to reconstruct current pixels; 

wherein the upper bit planes are coded using variable 
length coding and lower bit planes are coded using 
fixed-length coding. 

15. A non-transitory computer readable recording medium 
storing computer-readable instructions that control at least 
one processor to implement a method of decompressing data, 
the method comprising: 
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decoding coded data; 
ordering the decoded data into bit planes, wherein the bit 

plane is a set of bits having a same position in bit strings; 
reading the ordered bit planes in a vertical direction, which 

correspond to a priority order of the bit strings and a 
predetermined target bit rate to reconstruct prediction 
errors; and 

adding the reconstructed prediction errors and reference 
pixel values respectively corresponding to the prediction 
errors to reconstruct current pixels; 

wherein the upper bit planes are coded using variable 
length coding and lower bit planes are coded using 
fixed-length coding. 

16. An apparatus of decompressing data, comprising: 
a decoder decoding coded data; 
a bit plane recovery unit ordering the decoded data into bit 

planes, wherein the bit plane is a set of bits having a same 
position in bit strings; 

10 

15 

14 
an error reconstruction unit reading the ordered bit planes 

in a vertical direction, which correspond to a priority 
order of the bit strings and a predetermined target bit rate 
to reconstruct prediction errors; and 

an adder adding the reconstructed prediction errors and 
reference pixel values respectively corresponding to the 
prediction errors to reconstruct current pixels; 

wherein the upper bit planes are coded using variable 
length coding and lower bit planes are coded using 
fixed-length coding. 

17. The method of claim 1, wherein the variable-length 
coding begins with the first upper bit plane to have a non-zero 
value. 

18. The method of claim 14, wherein the variable-length 
coding begins with the first upper bit plane to have a non-zero 
value. 


